Nasopharyngeal carcinoma (NPC) is an epithelial malignancy of the head and neck that is prevalent in China. The present study investigated the molecular mechanisms of microRNA-212 (miR-212) and E74-like factor 3 (ELF3) in NPC cell lines and tissues. Using reverse transcription-quantitative PCR, the present study identified that miR-212 expression was downregulated in NPC cell lines and tissues. Furthermore, an elevated expression level of miR-212 was revealed to inhibit NPC cell proliferation, as determined using a cell counting kit-8 assay in vitro. ELF3 was identified as a direct target of miR-212 in NPC cells by a luciferase reporter assay. Additionally, the expression levels of miR-212 and ELF3 were negatively correlated in NPC tissues. The expression levels of ELF3 and miR-212 were associated with metastasis and TNM stage in patients with NPC. In summary, the present study indicated that miR-212 was downregulated in NPC and suppressed cell proliferation. This suggested that the miR-212/ELF3 axis may serve as a novel target for the diagnosis and treatment of NPC.
Introduction
Nasopharyngeal carcinoma (NPC) is an epithelial malignancy of the head and neck that is prevalent in China, with a high incidence rate (1) . A number of factors are associated with the development and progression of NPC, including Epstein-Barr virus infection, genetic components and environmental factors (2) . The prognosis of NPC is poor due to recurrence and distant metastasis; however, the use of chemoradiotherapy and intensity-modulated radiotherapy has increased the 5-year survival rate to ~70% between January 2003 and December 2006 in Guangzhou, China (3, 4) . Therefore, it is critical to understand the molecular mechanisms that underlie the progression of NPC, as this may promote the development of novel therapeutic strategies.
MicroRNAs (miRNAs/miRs) are a class of non-coding RNAs that are 19-25 nucleotides long (5, 6) . Previous studies have demonstrated that miRNAs regulate a number of biological roles, including proliferation, apoptosis, migration and differentiation (7) (8) (9) . Recent studies have demonstrated that miRNAs are abnormally expressed in numerous human diseases, particularly cancer. miRNAs can serve either as oncogenes or tumor suppressors during the progression of tumors (7, 9) . A number of mature miRNAs have been demonstrated to be abnormally expressed in NPC, including miR-135a (10) , miR-23a (11) and miR-203a-3p (12) . This suggests that abnormally expressed miRNAs can contribute to the development and progression of NPC. miR-212 is abnormally expressed in numerous types of tumor, including non-small cell lung cancer (13) , gastric cancer (14) , NPC (15) and pancreatic cancer (16) . Previous studies have indicated that miR-212 may serve a key role in cancer progression (13) (14) (15) (16) .
E74-like factor 3 (ELF3) is a transcription factor of the epithelial-specific subfamily, which serves an important role in a variety of pathophysiological processes in cancer (17) . Previous studies have indicated that ELF3 is involved in cell proliferation, differentiation and migration in numerous types of human cancer. In colorectal cancer, ELF3 is overexpressed and promotes proliferation and invasion by enhancing β-catenin signaling (18) . In hepatocellular carcinoma, ELF3 has been demonstrated to repress E-cadherin and promote the epithelial-mesenchymal transition by suppressing miR-141-3p, thereby activating zinc finger E-box binding homeobox 1 (19) . However, to the best of our knowledge, the role of ELF3 in NPC remains unknown.
The present study demonstrated that miR-212 was downregulated in NPC cells and tissues. In addition, reduced expression levels of miR-212 were identified to be associated with clinical features of patients with NPC. Furthermore, overexpression of miR-212 suppressed cell proliferation in vitro. ELF3 was revealed to be downregulated by a direct interaction of its 3'-untranslated region (3'-UTR) with miR-212. The identified miR-212/ELF3 axis may provide novel evidence regarding the molecular mechanisms of NPC, and may reveal a novel therapeutic target for NPC.
Materials and methods
Tissues and cell lines. A total of 30 normal nasopharyngeal epithelial tissue specimens and paired freshly frozen NPC biopsy specimens were collected at the Rui Jin Hospital Affiliated to Shanghai Jiaotong University (Shanghai, China) between August 2016 and October 2017. The specimens were confirmed by histopathological examination. No patients with NPC had received radiotherapy or chemotherapy prior to biopsy. Written informed consent was obtained from all patients. The clinicopathological features and demographics of all patients are presented in Table I . The present study was approved by the Ethics Review Committee of Rui Jin Hospital Affiliated to Shanghai Jiaotong University (Shanghai, China).
The human immortalized nasopharyngeal epithelial cell line NP69 and the NPC cell line SUNE-1 were obtained from the Shanghai Cell Bank of Chinese Academy of Sciences. Each cell line was cultured in DMEM (Invitrogen; Thermo Fisher Scientific, Inc.) supplemented with 10% FBS (HyClone; GE Healthcare Life Sciences) as well as 100 U/ml penicillin and 100 µg/ml streptomycin. All cells were maintained in a humidified incubator at 37˚C with 5% CO 2 .
Cell transfection. The miR-212 mimic, inhibitor, ELF3 small interfering RNA (siRNA) and negative controls (mimic-NC, inhibitor-NC or siRNA-NC) were obtained from Guangzhou RiboBio Co, Ltd. and transfected at a concentration of 100 nM. ELF3 plasmid and the empty control vector were purchased from Shanghai GenePharma Co., Ltd. NPC cells were grown in six-well plates and transfected with Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's instructions. At 48 h post-transfection, cells were harvested for reverse transcription-quantitative PCR (RT-qPCR) analysis. The following sequences were used: miR-212 mimic (sense, 5'-ACC UUG GCU CUA GAC UGC UUA CU-3'; and antisense, 5'-UAA GCA GUC UAG AGC CAA GGU UU-3'), mimic negative control miRNA (sense, 5'-UUC UCC GAA CGU GUC ACG UTT-3'; and antisense, 5'-ACG UGA CAC GUU CGG AGA ATT-3'), miR-212 inhibitor (5'-GGC CGU GAC UGG AGA CUG UUA-3'), inhibitor-NC (5'-CAG UAC UUU UGU GUA GUA CAA-3'), and ELF3 siRNA (5'-GCU ACC AAG UGG AGA AGA ATT-3') NC forward, 5'-UUC UCC GAA CGU GUC ACG UTT-3' and reverse 5'-ACG UGA CAC GUU CGG AGA ATT-3').
Additionally, ELF3 plasmid or empty vector was transfected into cells in the presence or absence of the miR-212 mimic using Lipofectamine 2000. The cells were then cultured for 24 h in six-well plates. The transfected cells were incubated in complete medium at 37˚C. RT-qPCR and western blot analysis were used to evaluate the transfection efficacy.
RT-qPCR. Total RNA was extracted from the cultured cells and tissue samples using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. cDNA was synthesized using the SYBR PrimeScript RT-PCR kit (Takara Bio, Inc.) by incubating the mixture at 37˚C for 15 min, 85˚C for 5 sec at 4˚C. When the temperature reaches 4˚C this process ends. The ABI 7500 system (Applied Biosystems; Thermo Fisher Scientific, Inc.) was used for PCR and the thermocycling conditions were as follows: 95˚C for 30 sec, followed by 40 cycles of 95˚C for 5 sec and 60˚C for 34 sec. The relative expression was calculated via the comparative cycle threshold method and the levels of miR-212 and ELF3 were normalized using the U6 and GAPDH internal reference genes, respectively. The following primer sequences were used: miR-212 (forward, 5'-GGT AAC AGT CTC CAG TCA-3' and reverse, 5'-GCA ATT GCA CTG GAT ACG-3'), U6 (forward, 5'-CTC GCT TCG GCA GCA CA-3' and reverse, 5'-AAC GCT TCA CGA ATT TGC GT-3'), GAPDH (forward, 5'-GCA CCG TCA AGG CTG AGA AC-3' and reverse, 5'-TGG TGA AGA CGC CAG TGG A-3'), ELF3 forward, (5'-GGC CCA GAC CAA GCC TTA AT-3' and reverse, 5'-CAC TGA AAG CCA GGG CAA AC-3'). Analysis of relative gene expression data was conducted using RT-qPCR and the 2 -ΔΔCq method (20) . All PCR experiments were performed in triplicate.
Western blot analysis. NPC cells were lysed and proteins were extracted with RIPA buffer (Beyotime Institute of Biotechnology). Subsequently, the concentrations of proteins were detected by using a BCA Protein Assay Kit (Beyotime Institute of Biotechnology). A total of 15 µg of each protein sample were separated on 10% SDS-PAGE and transferred onto PVDF membranes. The membranes were blocked with 5% non-fat milk in TBST buffer for 2 h at room temperature, and incubated with primary antibodies against ELF3 (1:1,000; cat. no. AF6780; Beyotime Institute of Biotechnology) and GAPDH (1:2,000; cat. no. MB9231; Biogot Technology Co, Ltd.) overnight at 4˚C. Subsequently, the membranes were incubated with a secondary antibody conjugated to horseradish-peroxidase for 2 h at room temperature. The secondary antibody used for ELF3 was an anti-rabbit one (1:1,000; cat. no. A0208; Beyotime Institute of Biotechnology) and for GAPDH was an anti-mouse one (1:1,000; cat. no. A0216; Beyotime Institute of Biotechnology). The targeted proteins in the membrane were detected using the Ncm-ECL Ultra kit (New Cell & Molecular Biotech Co., Ltd). Western blotting data were analyzed using ImageJ (version 1.8.0; National Institutes of Health).
Luciferase assay. Site-directed mutagenesis was achieved in the miR-212 binding site of ELF3 mRNA using the QuikChange Lightning Site-Directed Mutagenesis kit (Agilent Technologies, Inc.) and TargetScan version 7.2 (http://www. targetscan.org/vert_72/) and miRanda (http://www.microrna. org/microrna/home.do) databases. The wild type (WT) or mutant (MUT) 3'-UTR fragment of ELF3 mRNA was then sub-cloned into a pGL3 luciferase vector (Promega Corporation) by PCR, which was co-transfected with either miR-212 mimic or mimic-NC into NPC cells for 36 h in 96-well plates using Lipofectamine 2000. Subsequently, a dual luciferase assay (Promega Corporation) was performed. Renilla (Promega Corporation) activity was used as the internal control.
Cell proliferation assay. Cell proliferation was determined using a cell counting kit-8 (CCK-8; Dojindo Molecular Technologies, Inc.) assay. Briefly, CCK-8 solution was added to the transfected cells in 96-well plates (1.0x10 3 cells/well) at days 0-5 and incubated for 4 h at 37˚C. The absorbance of cells was detected at 450 nm using an ELISA plate reader (BioTek Instruments, Inc.). All experiments were performed in triplicate.
Statistical analysis. All data are presented as the mean ± SEM. The experiments were repeated 3 times. Differences were assessed by a paired or unpaired Student's t-test for two group comparisons, as appropriate, one-way ANOVA followed by Tukey's post hoc test for multiple comparisons and Chi-square test. Pearson correlation analysis was used to determine the association between miR-212 and ELF3 expression. The statistical analyses were conducted using SPSS 18.0 software (SPSS, Inc.). P<0.05 was considered to indicate a statistically significant difference.
Results

miR-212 is downregulated in NPC cells and tissues.
First, the present study investigated the expression levels of miR-212 in tissue samples from patients with NPC to determine the role of miR-212 in NPC. As shown in Fig. 1A , the expression levels Table I . Association between clinicopathological characteristics and expression levels of miR-212 and ELF3 in nasopharyngeal carcinoma.
A, miR-212 of miR-212 were identified to be significantly lower in NPC tissue samples compared with normal tissue samples. In addition, the expression level of miR-212 in the human NPC cell line SUNE-1 was investigated. RT-qPCR revealed that miR-212 expression was significantly downregulated in SUNE-1 cells compared with the normal nasopharyngeal epithelial cell line NP69 (Fig. 1B) . In summary, miR-212 was revealed to be downregulated in NPC cells and tissues. miR-212 inhibits NPC cell proliferation in vitro. miR-212 mimic, inhibitor and negative controls were used to evaluate the potential effects of miR-212 on NPC cell proliferation in vitro. The SUNE-1 cell line was selected as these cells demonstrated significantly different miR-212 expression levels compared with normal cells (Fig. 1B) . Using RT-qPCR, the efficiency of miR-212 mimic and inhibitor transfection was assessed. Compared with negative controls, the miR-212 mimic significantly enhanced the expression levels of miR-212, and the miR-212 inhibitor significantly reduced the expression levels of miR-212 in SUNE-1 cells ( Fig. 2A) .
A CCK-8 assay was performed to examine the effect of miR-212 on the proliferation of SUNE-1 cells. The results revealed that miR-212 mimic significantly inhibited proliferation and the miR-212 inhibitor significantly increased proliferation compared with negative controls (Fig. 2B) . These results indicated that miR-212 may suppress cell proliferation in NPC.
ELF3 is a direct target of miR-212 in NPC.
To further elucidate the underlying mechanism of miR-212 in NPC cells, possible targets of miR-212 were predicted using the TargetScan and miRanda (http://www.microrna.org/microrna/home.do) databases. To further confirm the predictions, a luciferase reporter assay was performed in SUNE-1 cells. 3'-UTR regions of ELF3, which contained the predicted WT binding site of miR-212 or the MT site, were cloned into a luciferase vector (Fig. 3A) . The results revealed that overexpression of miR-212 significantly decreased the luciferase activity of the WT ELF3 3'-UTR (Fig. 3B ), whereas no effect was observed for the MT ELF3 3-UTR. In addition, transfection with miR-212 inhibitor increased the luciferase activity of WT ELF3 3'-UTR ( Fig. 3C ) and had no effect on the luciferase activity of the MT ELF3 3'-UTR.
Furthermore, the miR-212 mimic decreased the protein and mRNA expression levels of ELF3 and the miR-212 inhibitor increased the protein and mRNA expression levels of ELF3 compared with negative controls in SUNE-1 cells ( Fig. 3D and E) . Additionally, ImageJ software was used to assess ELF3 expression in NPC tissues and SUNE-1 cells ( Fig. 3F and G) . These results demonstrated that miR-212 could downregulate ELF3 by directly targeting its 3'-UTR.
miR-212 expression is inversely correlated with the expression level of ELF3.
To investigate the expression levels of ELF3 in NPC, 30 freshly frozen NPC tissues and normal tissue specimens were analyzed. Using RT-qPCR, it was identified that the ELF3 expression was markedly increased in NPC tissues compared with normal adjacent tissues (Fig. 4A) .
In addition, a negative correlation was revealed between the miR-212 and ELF3 expression levels in NPC tissues (r=-0.395; P=0.031; Fig. 4B ). The downregulation of miR-212 was found to inversely correlate with the clinical stage and local or distant metastasis, whereas the upregulation of ELF3 was directly associated with the clinical stage and local or distant metastasis in patients with HCC (Table I) . miR-212 and ELF3 expression levels were detected by RT-qPCR following transfection of ELF3 overexpression vectors, ELF3 siRNA and their respective negative controls into SUNE-1 cells (Fig. 4C ). Overexpression of ELF3 significantly reduced miR-212 mRNA expression, however transfection of siELF3 significantly increased miR-212 mRNA expression. These results indicated an inverse association between miR-212 and ELF3 expression in NPC.
Discussion
Dysregulation of mature miRNAs has been reported in numerous types of cancer. A number of studies have reported that miRNAs can serve roles as tumor suppressors and oncogenes. Aberrant expression levels of miRNAs and genes have been detected in NPC in a number of studies; several miRNAs are upregulated in NPC, including miR-27a-3p (21), miR-93 (22) and miR-125b (23) , and certain miRNAs are downregulated in NPC, including miR-135a (10), miR-203a-3p (12) and miR-185 (24) . The present study demonstrated that the expression levels of miR-212 were significantly lower in NPC tissues and cell lines compared with normal controls. This indicated that miR-212 was downregulated in NPC, which is consistent with other studies regarding lung cancer (13) , gastric cancer (14), hepatocellular carcinoma (25), prostate cancer (26) and NPC (15) . The results of the present study suggested that miR-212 served as a tumor suppressor gene in NPC. In addition, aberrant expression of miR-212 has been demonstrated to regulate tumor migration and invasion (15) . These results indicate that miR-212 may exert pivotal pathological and biological roles, which may contribute to the progression and growth of NPC. miRNAs exert their roles by regulating downstream target genes via binding to the 3'-UTR. Several studies have revealed a number of target genes of miR-212, including SOX4 (13), paxillin (14) , Kruppel like factor 4 (27) and SOX5 (28) . The present study identified ELF3 as a direct target of miR-212 using a luciferase assay and bioinformatics analysis. miR-212 mimic markedly decreased the ELF3 expression level and miR-212 inhibitor increased the ELF3 expression level. In addition, transfection of SUNE-1 cells with siELF3 significantly reduced ELF3 mRNA expression, but increased miR-212 expression. Furthermore, it was demonstrated that the expression level of miR-212 was low in NPC cells and tissues, and miR-212 inhibited cell proliferation, possibly by targeting ELF3 in NPC. miR-212 expression was inversely correlated with ELF3 protein expression in NPC tissues. Additionally, the relative expression levels of ELF3 and miR-212 were associated with metastasis and TNM stage in NPC.
In conclusion, the present study provided an improved understanding regarding the pathogenesis of NPC. Increased miR-212 expression was identified to serve a positive role in NPC by inhibiting the proliferation of NPC cells via ELF3. This may provide a novel therapeutic target for NPC. 
